Delay classical eyeblink conditioning (EBC) is an important model of associative, cerebellar-dependent learning. Norepinephrine (NE) plays a significant modulatory role in the acquisition of learning; however, other neurotransmitters are also involved. The goal was to determine whether NE, gamma-aminobutyric acid (GABA) and glutamate (GLU) release are observed in cerebellar cortex during EBC, and whether such release was selectively associated with training. Further studies examined the role of the b-noradrenergic receptor in consolidation of the learned response by local infusion of propranolol at 5-120 min following training into the cerebellar cortex. In vivo microdialysis coupled to EBC was performed to examine neurotransmitter release. An increase in the extracellular level of NE was observed during EBC and was maximal on day 1 and diminished in amplitude with subsequent days of training. No changes in baseline NE release were observed in pseudoconditioning indicating that NE release is directly related to the associative learning process. The extracellular levels of GABA were also increased selectively during paired training however, the magnitude of GABA release increased over days of training. GLU release was observed to increase during both paired and unpaired training, suggesting that learning does not occur prior to the information arriving in the cerebellum. When propranolol was administered at either 5-, 60-, or 120-min post-training, there was an inhibition of conditioned responses, these data support the hypothesis that NE is important for consolidation of learning.
a b s t r a c t
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In another set of experiments we demonstrate that the timing of release of NE, GABA and glutamate are significantly delayed in onset and lengthened in duration in the 22-month-old F344 rats. Over days of training the timing of release becomes closer to the timing of training and this is associated with increased learning of conditioned responses in the aged rats.
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Introduction
Delay eyeblink conditioning is a model of cerebellar motor learning. Norepinephrine (NE) is known to play a modulatory role in cerebellar-dependent learning. NE induces synaptic plasticity in Purkinje neurons by selectively improving the signal to noise ratio of evoked versus spontaneous activity, enhancing the sensitivity of cerebellar neurons to both excitatory and inhibitory afferent inputs (Freedman, Hoffer, Puro, & Woodward, 1976; Freedman, Hoffer, Woodward, & Puro, 1977; Hoffer, Freedman, Woodward, Puro, & Moises, 1978) . Based upon the Marr-Albus theories of cerebellar learning Gilbert proposed that NE should have a role in the consolidation of memory within the cerebellum (Gilbert, 1975) . Behavioral evidence which shows the involvement of NE in memory consolidation in the cerebellum is observed in several cerebellardependent paradigms. For example in rod running motor learning, a cerebellar-dependent task, the ability of rats to learn is reduced following lesion of the locus coeruleus (LC) (Watson & McElligott, 1983) . This effect is localized to cerebellar NE (Watson & McElligott, 1984a) and is specific to the b-noradrenergic (b-AR) receptor (Bickford, Heron, Young, Gerhardt, & de la Garza, 1992) . Adaptation of the vestibulo ocular reflex (VOR) is modulated by noradrenergic inputs (McElligott & Freedman, 1988 ) and also appears to be mediated by the b-AR receptor (Pompeiano, van, Collewijn, & van der, 1991) . Cerebellar delay classical conditioning has been shown to be modulated by NE. Electrolytic lesions of the LC induce resistance to extinction in rabbits (McCormick & Thompson, 1982) and 6-hyroxydopamine (6-OHDA) has been shown to retard acquisition but not performance of conditioned eyelid responses in rabbits
